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We present the results of the search for a correlation between giant radio pulses (GRPs) at 1.4 GHz
and hard X-rays at 15-75 keV from the Crab pulsar. We made simultaneous ground and satellite ob-
servations of the Crab pulsar over 12 hours in three occasions in April 2010, March and September
2011, and got a sample of 1.3×104 main-pulse phase GRPs. From these samples we have found sta-
tistically marginal enhancement (21.5%, 2.70 σ) of hard X-ray flux within ± 1.5 degree phase angle
of the synchronous peak of main-pulse phase GRPs. This enhancement, if confirmed, implicates that
GRPs may accompany plasma density increases in the pulsar magnetosphere.
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1. Introduction
Giant radio pulses (GRPs) are a special, distinctive class of pulsar radio emission. The duration of
GRPs is short (from nanosecond to millisecond), and their brightness temperatures sometimes exceed
1041 K [1]. While more than 2000 pulsars have been found so far, only less than 1% of these pulsars
are known to emit GRPs [2–4].
The Crab pulsar, PSR B0531+21, is the most studied pulsar of those which emit GRPs. GRPs
from the Crab pulsar have been observed from 20 MHz [5] to 15.1 GHz [6]. They occur at the
two phases of normal radio pulses, namely the main-pulse (hereafter MP) phase and the interpulse
(hereafter IP) phase [7].
In wide frequency ranges the Crab pulsar emits pulses. Among them, coherently emitted pulses at
radio frequencies (both normal and giant), had been thought to be independent from those at higher
frequencies (infrared, optical, X-ray, and gamma-ray), since the latter are originated in incoherent
processes. However, Shearer et al. [8] discovered that optical pulses from the Crab pulsar show the
significant 3% (7.8 σ) increases synchronously with MP GRPs, proving that there is some inter-
play between the emission mechanisms for pulses at radio and other frequencies. Table I shows the
summary of correlation studies between GRP and pulses at other frequencies from the Crab pulsar.
Except for the optical study stated above [8], the previous studies [9–12] set only upper limits for the
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Table I. Correlation studies between GRPs and pulses at other frequencies from the Crab pulsar.
Energy range Satellite or Telescope Flux variation synchronous with GRPs Ref.
Optical William Herschel 3% (7.8 σ) increase [8]
(600-750 nm) Telescope
Soft X-ray Chandra HRC-S <10% (2 σ) [9]
(1.5-4.5 keV) (MP phase window)
Hard X-ray Suzaku HXD 21.5% (2.70 σ) increase This work.
(15-75 keV)
Soft γ-ray CGRO OSSE <250% (1 σ) [10]
(50-220 keV) (GRP ± 5 periods)
γ-ray Fermi LAT <400% (95% CL) [11]
(0.1-5 GeV) (around GRPs)
Very High Energy γ-ray VERITAS <500-1000% (95% CL) [12]
(>150 GeV) (around IP GRPs)
enhancement synchronous with GRPs. The hard X-ray energy range (the third line in Table I), where
no correlation study based on simultaneous observations has been reported to our knowledge, is a
target of our study. We obtain statistically marginal enhancement (21.5%, 2.70σ) as described in the
following sections.
2. Observations
Simultaneous observations of the Crab pulsar both at radio (1.4 GHz) and X-ray frequencies
were made on 2010 April 6, 2011 March 22 and 2011 September 1-2 (Table II). The radio data
were acquired by the 34-m Kashima radio telescope (in April 2010 and September 2011) and by the
Usuda 64-m radio telescope (in March 2011). Following the standard procedure for the radio pulsar
observation [13], we dedispersed the radio signals, removed radio frequency interferences (RFIs),
and then identified GRPs at MP phases above the signal-to-noise ratio of 5, where the noise level is
dominated by the nebula radio emissions of ∼ 1 kJy. The X-ray data were acquired by the hard X-ray
detector (HXD) aboard the Suzaku satellite [14]. In what follows, we focused on the correlation study
of MP GRPs with the X-ray data (15-75keV).
3. Result
Figure 1 shows the results of superposed epoch analyses, where the red points shown with statis-
tical errors represent the accumulated hard X-ray photon counts over the 3 spin periods, for which the
timing of the MP GRPs is set at the spin phase φ= 0.5. The spin phase of −1 ≤ φ < 0.5 (0.5 < φ ≤ 2)
Table II. Summary of the radio and hard X-ray observations. The values of the dispersion measure, DM,
used in the dedispersion procedure for the radio signals are tabulated in the third column.
Date radio freq. DM simultaneous No. of MP GRPs No. of X-ray photons
(MHz) (cm−3pc) obs. time (min) (Ratio to No. of all pulses)
2010 Apr. 6 1405-1435 56.835 313 4090 (0.73%) 571763
2011 Mar. 22 1400-1450a 56.800 178 2568 (0.81%) 323725
2011 Sep. 1-2 1405-1435 56.800 271 6487 (1.34%) 488934
Total 762 13145 (0.97%) 1384422
aThe frequency range 1426-1436 MHz is omitted for the RFI rejection.
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corresponds to the 1.5 pulse intervals preceding (following) the MP GRP detections. The photon
counts were accumulated in each of 1/120 period phase bins (namely, bins with a 3-degree phase
angle width). In Figure 1 we repeat three times the averaged hard X-ray pulse profile obtained with
normal (namely, non-GRP) radio pulses (a black curve) so as to facilitate the search for the difference,
if any, between X-ray pulse profiles during GRP and non-GRP intervals. It is seen that the X-ray pro-
file has statistically marginal enhancement (21.5%, 2.70 σ) above the average profile in one bin at
phase φ = 0.5. By varying the size of bins, we investigate how the significance of the enhancement
depends on the choice of the bin size: While the enhancement tends to be smeared out as the bin
size is widened (>3 degrees), the X-ray photon numbers become too few and their fluctuations grow
as the bin size is narrowed (<3 degrees). Thus observing the reduction of the statistical significance
on the both sides of the bin size, larger or smaller than 3 degrees, we tentatively conclude that the
statistically ‘best’ choice of the bin size is 3 degrees for the present X-ray data sets where photon
numbers are limited.
X-ray pulse profile around MP GRP intervals
averaged X-ray pulse profile for non-GRP intervals
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Fig. 1. Comparison of the hard X-ray pulse profile, in a vicinity of MP GRPs (φ = 0.5, red) and the averaged
X-ray pulse profile (repeated for three successive intervals, black) (See text.). Error bars represent 1σ statistical
uncertainties.
4. Discussion and Conclusion
We have made a correlation study between 15-75 keV hard X-rays and main-pulse phase (MP)
GRPs at 1.4GHz from the Crab pulsar. We have found marginal (21.5%, 2.70 σ) enhancement of the
hard X-ray flux synchronously with MP GRPs at their peak. In the previous correlation studies, only
Shearer et al. [8] showed a correlation between GRPs and other energy emissions, who argued that
GRPs and the increased optical emission are linked to an increase in the electron-positron plasma
density. Our result, if confirmed, gives a conclusion parallel to the Shearer’s that the GRPs and the
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enhanced hard X-ray emission are linked to the plasma density increase in the Crab pulsar magneto-
sphere.
In the current analysis we see the possible hard X-ray flux enhancement only in one bin with
the width of 1/120 period (or 3 degree) at the MP GRP peak. We might be able to speculate that the
interplay between emission processes of GRPs and X-ray pulses occurs in some limited region of the
magnetosphere. However, it is premature to discuss this point further, and we should wait for further
simultaneous observations at radio and X-ray frequencies to improve statistics.
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